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Abstract 
If damping alloy is used as structural material, a structure with high damping performance can be produced and its vibration 
and noise can be reduced. Damping mechanism of the damping alloy is to convert vibration energy into thermal energy. The 
damping performance of the damping alloy is not as good as it is used in a dynamic damper. This paper proposes a method of 
enlarging equivalent loss factor of a damping alloy spring by using a negative spring constant and it is confirmed that the 
equivalent loss factor of a damping alloy cantilever becomes large by the attraction force of magnet used as the negative 
spring constant. Optimal design of the dynamic damper which consists of the damping alloy cantilever and a pair of magnets 
is explained. The vibration suppression effect due to the dynamic damper is demonstrated by means of measuring the 
compliance and the time history response by impact excitation. The vibration suppression effect depends on the vibrational 
amplitude due to nonlinearity of the attraction force of magnet but can be sufficiently expected in comparison with the case 
without the dynamic damper. 
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合金の板材から長さ 180mm，幅 20mmのはりを切り出し，この一端を固定して長さ 150mmの片持ちはりを製作，
固定端から 120mmの位置に質量 123gの鋼製の錘を固定する．片持ちはりの先端を弾くことによって自由振動さ
せ，はり先端から 5mm の点をレーザー変位計にて測定し，はりの振動変位を測定した．図１中の磁石のない場










































(a) Top view 









Fig.3  Relationship between loss factor and p-p amplitude. The loss factor of "With magnet" is larger than that of "Without magnet" 
and the loss factor becomes large with increasing of the p-p amplitude. 
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Fig.5  Free vibration wave of cantilever with magnets (Gap 10mm) 
 
 後に図 1の制振合金片持ちはりを 1自由度系にモデル化してシミュレーションするため，図 3において p-p振
幅が約 1.2mmの測定結果の損失係数 γ=0.0539を採用する．このときの周期から固有振動数を 16.7Hzとした．こ
の片持ちはりの質量とばね定数を同定するため，１自由度質量感応法（背戸，松本，1999）を適用する．これは
付加質量を取り付けたときの固有振動数，付加質量なしの固有振動数の両者から質量とばね定数を推定する方法
である．錘に 21.8gの付加質量を取り付けて測定した固有振動数 15.5Hzを用いると，質量 0.135kgとばね定数
1486N/mが決定された．同様に図 3から「磁石あり」の p-p振幅 1.2mm付近の測定結果の等価損失係数 γ' は 0.204，
図 5からこのときの固有振動数 7.53Hzを決定した． 
 
3. 動吸振器への応用 
図 4に示す１自由度系を動吸振器として利用したモデルを図 6に示す．主振動系の質量をM，ばね定数を Kと
おく．また図 4 と同様に動吸振器の質量を m，制振合金ばねのばね定数を k1，その損失係数を γ，磁石による負
のばね定数を k2とする．粘性減衰の動吸振器と同じように応答曲線の定点理論を適用し，最適な動吸振器となる




































































  (4) 
 











































Fig.7  Two degree of freedom system with dynamic damper. Neodymium magnets are installed on both sides of the steel 
weight (The magnet at the front is removed because the weight can be seen.) 
 
 


































(a) Main system 
 
 
(b) Dynamic damper 
 
Fig.8  Compliance by impact excitation. There are two peaks in the two degree of freedom system without the magnets. The 
compliance of the main system almost coincides with that of a single degree of freedom system without the dynamic 
damper. The peak height of main system decreases due to the dynamic damper in figure (a). It is found in figure (b) 
that the dynamic damper absorbs vibration energy. 
 
 
 図 5にこの動吸振器単体の自由振動波形を示したが，この図の p-p振幅 1.2mm付近の振動数 7.53Hzとその質
量 0.135kgからばね定数 k1+k2=302N/mを求めることができる．これより p-p振幅 1.2mm付近の磁石の吸引力によ
るばね定数 k2= -1184N/mが求められる．以上より磁石のギャップが 10mmのときの２自由度系のパラメータ値は
表 1のようになる．また，主系のパラメータと質量比 μ=0.0579を用いて式(3)，式(5)，式(6)から算出された最適








































(a) Main system 
 
(b) Dynamic damper 
Fig.9  Impact response. The vibration of main system with magnet is damped quicker than that without magnet in figure (a). 
Then the dynamic damper vibrates greatly as shown in figure (b). 
 
Table 1  Parameter of experimental system with gap 10mm and optimal system 
Experimental system 
with Gap 10mm 
Optimal system 
M = 2.33 kg 
K = 6090 N/m 
m = 0.135 kg 
μ = 0.0579 
γ = 0.0539 
k1= 1486 N/m k1opt = 1731 N/m 
k2= 1184 N/m k2opt = 1416 N/m 
k1+k2= 302 N/m k1opt +k2opt = 315 N/m 






























































Fig.10 Simulation result of compliance in main system. The experiment and the simulation are almost in agreement. 
 
 
Fig.11 Experimental compliance for various impact force in main system. The compliance is affected by nonlinearity of the 




考に，ここで用いた制振合金の損失係数を 1/10に小さくし，γ = 0.00539として動吸振器の最適ばね定数を求め
てみる．動吸振器の最適条件から k1opt+k2opt =315N/mかつ γ'opt= 0.296になる必要があるので，k1opt =17307N/m，k2opt 
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